Objective. The implementation of a universal surgical safety protocol in 2004 was intended to minimize the prevalence of wrong-site surgery (WSS). However, complete elimination of WSS in the operating room continues to be a challenge. The purpose of this study is to evaluate the prevalence and etiology of WSS in the state of California. Methods. Prevalence of overall and specialty-specific WSS, causative factors, and recommendations on further improvement are discussed.
T he Joint Commission (JC) defines wrong-site surgery (WSS) as a general term that includes the wrong surgical procedure being performed or a surgical procedure performed on the wrong side of a patient's body. 1 These errors constituted 12.7% of all unanticipated events in the health care setting that cause death or severe psychological or physiologic injury to a patient, or sentinel events, between 2004 and 2015.
2 Sentinel events are classified by the JC as ''never events,'' meaning that they should never occur under any circumstance. 3, 4 One of the preliminary measures undertaken to mitigate the prevalence of sentinel incidents was introduced by leaders in the field of orthopedic surgery who spearheaded the ''Sign Your Site'' and ''Sign, Mark, and X-ray'' campaigns in 1998 and 2001, respectively. 5, 6 In 2000, a publication entitled To Err Is Human brought WSS to the national spotlight and sparked public awareness of this health care problem. 7 Four years later, the JC mandated the use of a ''timeout'' prior to each surgical procedure as a requirement for hospital accreditation. 8 These timeout checklists have demonstrated varying degrees of efficacy. Globally, the implementation of a surgical safety checklist reduced mortality rates from 1.5% to 0.8% and inpatient complications from 11.0% to 7.0%. 9 However, despite the widespread implementation of the timeout checklist, the checklist alone would not have prevented a reported two-thirds of WSSs in the United States. 10 To further reduce these events, efforts on a national scale focused on eliminating the WSS have commenced.
The JC has been tracking WSS since 1995, long before the implementation of the timeout protocols. However, hospitals are not required to report these incidents. Therefore, JC data may underrepresent the true prevalence of WSS. In addition to the JC database, Pennsylvania, Minnesota, and California have initiated statewide programs for mandatory reporting of WSS events for tracking and quality improvement purposes in all hospitals regardless of JC accreditation. 2, 11, 12 This study seeks to analyze the reported cases of WSS in California.
Methods
A retrospective analysis of original WSS investigational reports spanning 2007 to 2014 provided by the California Department of Public Health (CDPH) was performed. Data were obtained by submitting a request to the CDPH for all WSS reports in California. The CDPH licensing and certification program investigators who visited the site after each incident and conducted interviews with the surgeon, nurses, and auxiliary team generated the complete reports, which included a description of the event from each interviewee. All reports were carefully reviewed to classify the cause of the error based on definitions set forth by the JC ( Table 1) . 2 Furthermore, WSS was stratified by anatomic location, medical specialty, and error type. Although WSS is a generic umbrella term in the literature, we stratified the subtypes of WSS to include wrong side (defined as a procedure performed on the contralateral side), wrong site (defined as a procedure performed on an incorrect location on the ipsilateral side), and wrong procedure (defined to be an incorrect or additional procedure that was conducted; eg, a C3-4 instead of a C4-5 fusion).
The average number of WSS cases per year was calculated and analyzed with PASW Statistics 18.0 software (SPSS Inc, Chicago, IL). Linear regression analysis was performed on each data set. A P value \.05 was considered statistically significant.
Results
A total of 142 WSS reports were generated by the CDPH from 2007 to 2014. In 95 of the 142 cases, the CDPH investigator was able to substantiate that a facility had committed a violation that risked the patient's health and safety over the course of 7 years ( Figure 1) . In 47 cases, the investigator determined that no violation had occurred and did not generate an incident report; these cases were omitted from our study.
The cause for each event was classified per the JC definitions of etiologic causes ( Table 1 ) and plotted ( Table 2) . The most common etiologic causes identified were leadership (30.9%) and human factors (23.4%). Other causes identified in CDPH data included errors in communication, assessment, information management, and operative care. Overall, the most common error was wrong side (62.5%), followed by wrong procedure (22.9%), wrong site (12.5%), and wrong patient (2.1%). Last, there was no statistically significant variation in the number of WSS cases over the analyzed period in California (P = .127).
Reported events were stratified by surgical specialty ( Figure 2A ) and anatomic site ( Figure 2B ). Although orthopedic surgery exhibited the highest rates of WSS, there was no statistically significant difference among various surgical specialties in the CDPH data ( Figure 3 ).
Discussion
Despite substantial efforts to mitigate WSS by implementing timeout protocols, it is evident that these ''never events'' continue to occur in California. Since JC reporting of WSS is voluntary, it is difficult to assess the true prevalence of WSS in the United States, with estimates suggesting that .50% of WSS cases go unreported. 13 Furthermore, hospitals that are not JC accredited are not subject to JC reporting requirements, and this may reduce the true prevalence of WSS accordingly. 
Causes of WSS
According to CDPH data, the most common cause of WSS was leadership, composing approximately one-third (31%) of cases. Failure of leadership was also identified by the JC to be the most common cause of WSS nationally. 2 Leadership etiologic causes are defined by the JC as a lack of organizational planning, resulting in noncompliance or ineffective implementation of timeout procedures (eg, not marking the correct site). The proper implementation of timeout protocols requires a concerted effort by administrators and clinicians to follow and complete the checklists, which lack uniformity. The variation in timeout procedures and sitemarking policies is readily evident and has been reported in pediatric otolaryngology practices.
14 Digitization of the timeout checklist has been proposed as a solution to improving compliance rates and checklist uniformity. Studies have reported enhanced compliance with surgical checklists via electronic white boards to digitally augment the timeout procedure, which can improve the transmission of critical information among surgical team members. 15, 16 Human factors were the second-most common cause of WSS in California, which accounted for 25% of all WSS cases. Failure in marking the surgical site was the most common error, which includes marking the incorrect site, failure to mark any site, or markings being obscured by surgical drapes. In accordance with CDPH findings, JC data also cite human factors as the second-most common cause. 2 In an attempt to mitigate human factor-related errors, some protocols require the patients to mark the surgical site themselves. However, patient-marked sites were correct only 60% of the time. 17 Nevertheless, patients and family members have been determined to be the most effective source of preventing WSS before they occur. 18 Clarke and colleagues report that while the circulating nurse detected and prevented 11% of potential WSS cases from occurring, patients detected 22% of near misses. 18 The question of who should mark the site remains unclear, and unfortunately, noncompliance and inaccuracy are important issues regardless of whether a surgical team member or the patient is responsible.
The third-most common cause of WSS identified was miscommunication, which was responsible for 10% of cases in California. This parallels JC data, which reported miscommunication as the third-most common cause of WSS. 2 The importance of communication among surgical team members is well identified in the literature, with communication errors identified as the most common cause of WSS in a study that evaluated perioperative otolaryngology mistakes in a Veterans Administration hospital. 19 To help address these issues, hospitals have implemented preoperative surgical staff briefings to enhance interpersonal cohesion and communication, resulting in increased awareness of the surgical site by the entire surgical team. 20 
WSS in Surgical Specialties
CDPH and JC data both determine WSS events to be most common in orthopedic surgery, general surgery, and neurosurgery, in order of prevalence. 21 This may in part reflect the increased case volume of these specialties or the bilateral or multilevel (ie, spine) nature of the procedures conducted by these specialists. A recent survey-based study demonstrated that medical errors and adverse events continue to be a common occurrence in otolaryngology, finding that otolaryngology cases constitute 0.3% to 4.5% of all WSS. 22, 23 Although official reporting of these events is difficult to authenticate, voluntary surveys of 681 otolaryngologists identified 8 cases of WSS based on survey responses. 24 Additionally, an estimated 9% of otolaryngologists have reported experiences with wrong-site sinus surgery. 25 Furthermore, WSS accounts for up to 6% of all self-reported medical errors in otolaryngology. 26 As demonstrated by CDPH data, otology cases accounted for 2 of the 3 otolaryngology WSS cases. In contrast, Mathew et al found that otology cases composed only 4.4% (6 of 137) of all otolaryngology negligence claims filed nationwide. 27 
Finding Solutions to WSS
The analyzed CDPH data failed to demonstrate any downward trend or reduction in WSS prevalence. Although steps have been taken to enforce JC-mandated timeout protocols as previously discussed, they fail to completely prevent WSS. Furthermore, a comprehensive review of all WSS malpractice claims from 1985 to 2004 revealed that even if the universal JC protocols were correctly implemented, only 62% of the malpractice claims would have been prevented. 11 Despite the prevalence of WSS, it continues to be categorized as a ''never event,'' which should never happen under any circumstances, with even an isolated case considered unacceptable by the JC. Further modifications and optimization of existing protocols to enhance compliance and mitigate the most common causes of WSS are warranted.
Conclusion
Despite widespread implementation of mandatory JC timeout protocols, WSS continues to occur in various surgical specialties. Proper compliance with timeout protocols and interpersonal communication should be cultivated. Additionally, modifications to current protocols to address the most common causes of WSS cases may reduce the prevalence of WSS.
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